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(57) Abstract 

A nitride semiconductor light emitting device comprising an active layer of multiple quantum well structure provided between an n- 
side region including a plurality of nitride semiconductor layers and a p-side region including a plurality of nitride semiconductor layers, 
having a light emission output improved by allowdng the characteristics of the active layer to exhibit well, and capable of being applied to a 
wider range of various application products, wherein a multilayer film comprising two nitride layers is formed in at least one of the n- and p- 
side regions. 
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1 ) ^ z^^- K=¥> :y:/^^>/^=¥-(7)/jN§/£g'ft:i^^#|^ 10 5b 
A 1 ^-^^/c^VM iijG ai_jN (0^j<l) i fp-et)*S^t4i-'Snfe#S 
II^f#§S6<3-e. A 1 60MifHM:(gfjt) ^So. 3mT'Z)A 1 ,G ai.,N (0<g^ 
0. 3) GaN(^^^-^:b^;dSft^j0*LV^o 

L-c^ ^ 5^ Kjii Lxmm^^^m^. ^Bm(D^pmx ^ ^^^^^ k#> yzf^ 
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«1 



1 0 5^#jSliIji(c:i-5 



mm ^mj^-r ^m-^co m^w^- 



(105a, 105 b) 1 'm.^)iiC.(D^'^^\^m}l LT^). 



i»5 



a 



-^<D$f^ LV^ K-^*i LTti, 1x1 0"/cm^~ 1X1 O^Vcin\ § 

L < 1 X 1 0 'Vcm'— 5X10 'Vcm^ OtSffli^pM-f So 1X10 'Vcm' ct "9 



/^oT. ^^vr'm&<^±^^^m^^%htn<i<\^M'^m^h^ . ^fcixio^v 



1^ 
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T:aSM*LV\ nM^M^i LTtiS i . Ge, Se. 0%«JSS9#^II 



So 

^ tiici^fcnfiij^ 1 ^mmm 1 0 5 (D^mm^^mmrT ^mAm^^mw-m 105 

nm^W^t UTS i ^ K— :7"LfeA 1 Ga N^, Tl^ :7"(Z)G a Njli;!? 
mf^M^n^^Lfzim-a-s a l g a Nf*S i ^ :7^L--CV^50-e K':^— LT 

t^^n^hkZ.±^<ti^o BP^Ga N4i^#S!ii-SS^^iCj;o-C}t, AlGa 



10 5;6\ m^i)cc7)S'fbi^^^^g^Sf<®$ixT?'ce 



wo 99/46822 PCT/JP99/01 140 

33 

no a N^Wlfhn^o nmim 1 1 0 5 ^^^g a N-e«^$;f^TV^5 .ir, 

2 G a N 3 ^^^H<^ ^ (7) ct !9 ^^H^B: < . iJ^l^iC.^;^ $ 

^MM(DmM 2 (^*3V^T^ nfiij^ 1 ^m^^ 1 0 5 n M^M^^^^tfG a 
N;^^b^c^5)^^b!^^^M 10 5a i ^(T^^-fb^^*^® 105a n 
M^MW^^^-f SO a N;?)^^/^6^ibJ^^^#:a 10 5b t^mm LT/^-S 
^Sm^/Hv^sr <Jr;0ST#6o ^(T^m^^ 1 0 5 a , 105bC0 

n'fRlj^Mi^COMS^l X 1 0^'~1 X 1 O^Vcm\ L < 1 X 1 0 
lX10'Vcm\ J: 19^?* b< tt3 X 1 Oi»~7 X 1 O'Vcm'-efeSo 

/^V^;^^ 1000~400 0::r:/i7';^ ha— i^, 0^ L< tt2 000~3000 
n — i^J^T. 0* L < 2 0 0 :tyir:^ h n — A£;^T^ «fc (9 0^ L < « 1 0 0 ;^ 

.hfr?i:itmf'^L\^\ ±m(DXof£mmx^?}t. m^^^<M^-^^^ 

0. 5~4 /i 0^ L< 1 ~3 
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mm 1 ^mi^m i o 5 ^m^-r^^^mn. ±tmm(D$ 



CO 



M^i^ 1 3 0 i^. In ^^t^m 1 (Dm\::l^^rm■i¥m 1 0 e a ^ , ^(Dm 1 (o^^t 
^mi^mi 0 6a t^t^^M^^ir^m2(Dmit^^mi^mi 0 e b tmn 



$ tLfc n mm 2 ^mmm 1 0 e uxv > n mm 2 #j 



10 6 }>1^3V^ 



^ 1 10 6a, n 2 (Dm.it!>^^^m^m 106b a^n^H 



n m. 



<mm 10 6 ^5?gt4ji 7 L Tff^fife ^ nx V ^ ^ m\^m 7 (d 



axh. B2(7)^^t:4^^^f^fl^i 0 6 bv^■rtL-e^>^<^ nmm2^\ 
6 (Dmmm^um^f^ 0 ox«/^v ^o fs:^. m 4 -rt* n msm 2 #j 



1 o 



10 6 



10 6 i^gffi 



7 ico^i^. m<^nM^'fb#l^^t#:«fc l9^^6iS^WbTV^-C^>^V\ 



^MMmm 2 V . n fai^ 2 



10 6 ^;ljoV^-r. SffiEU 1 (D-^it 



H^^m^i^-imi 0 6 a, :^fcf«iaiS2<D^jbi^i}^#^$:|Iil O 6 h(D[H(D{i^f£< t 

»±L< \^m 1 <7)Mb^¥##:M 1 0 6 a *5 ^x^m 2 1 0 e b 



1 0 G^m^'^m^Mtt^^x. nmm2 



1 0 5 _hia n {RIJ^ 2 #J 



1 0 6 t 
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1 0 6_h}^figft§-^-5?gt4a©^Bm^j:'9^0i-e^Sfca6.fc%x.b 



m 1 (^^-fb^J^^^llIfi I n ^^t^^^b^^¥#^^ b < 3 7cMJ|(^ I n 
,Gai.kN (0<k<l) <tb^ $ f^iC^f* L< fik^jt;05O. 5 J^JlT<^ I n,G a 

1 (D^'fbi^^^flsJ: "9 tj^^^K^>5':^^^/^^— ^^;^#v^27^^1^feS^M^ 



3:S.MfBC0^^l:^¥*f*^/^fe*^-1t2>o n#J^2#j 



10 6 iv::}oV^-C^ m2 



(Dmiti^^mi^Bl 0 6 b(i0*L<{iI n„Ga,^N (0^m< 1, in<k) 

h-r^o t^feoT. Lv^M^'a';b•^^{i, ^KDmitim'^^mwmhx^xyam. 

i)^0. 5i^;T(^ I n,G al_^N^^V^, ^ 2 (Z)^fb^H^^|$:^^ LTG a N ^ffi 

10 6b (DpH(D^pfi:< t ■h-:i7(Dmm7!)^\ ifi^-Ts^ 1 (Drntm^mi^Bi o 6 

a^fcJiB2(7)^^bil^^z#flsI^l 0 6 bRdr-eaV^dM^'^oTtj. "Ctj j;V\ 



a * fctim 2 (Dmt^^rMi^B: 1 0 6 b 



1=1 I'-N 



2 (D^-fbJ^^^f*:)^ 10 6b (mi (Dmt^'^Mi^l^ 106a) ^j*A/ 



fc^ 1 COmt'^^Mi^B: 10 6a (^2 c^^fkife^^fls)!^ 106b) (Dm^^^^K 

1 (^^{bi^^^l^J^ 106a^InGaN^L. ^2 (Dmil^^^i^ 



lOeb^GaN^ bfc^-^. G a Ng G a ^ CDFh^CD I n G a Nji<7) 
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##:)^ 10 6b cortcD^i'V^ < ^ ^—^(D III i£^-t"SB 1 



6 a ^fcfiH 2 O^'fLJi^^igft:)!^ 10 6b Lfc#J 



r-^i^, ^ 2 (ZJ^-fbi^^^^*:!!^ 10 6b (^1 ©S-fbi^^^flsm 106a) 
hftm 1 bi^^^ft^M 10 6a (^2 (Dmdm^^W-m 106b) (7) III 



WB: 106a^InGaN<irL> ||2 (T^^-fbi^^^l^l^ 106b^GaNiLfci 
G a NjStG a Nat<7)P^(^ I nG a NS(D I n Mfi)c^?&ttat-^j£"t"'5 



n 2 



10 6}i, ^g'ttS^MLT?f^^^4$nTV^Tt)^V^^\ 



n 



2#J 



10 6 \Z.^\^X. m 1 (Z)^'fbi^¥#^$:lK 10 6a mi 



< . 1 <Z)^^b#J¥##;li^ 10 6a ^fc}*^ 2 O^^bi^^^^^ll^ 1 0 6 b (D 

r^l. fS5:*-}c:nM^M^^ K-v^i-^^-^. % \ (Dm\:M'^MW-m \ 0 6 a<z>n 
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i^ii, nm^mi^t LTfi. L< tt. Si. G e . S n. S^(D IV VI 



6 b (^nM^^ti^ K--:^'r6«^. ^M^M^«5 X i o^Vcm^C^T. 



2#J 



6 5/ :7 T SCO J; 5 ^^i^ffl ^ L 



6 ^^bi^ ^f*L<{*. In,Ga,_,N (0^a<l) X^m^^H. 
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0. 5eVm^^^/^^—mi^'^°-^mM^->yh^'^^^t:d^X-^^^K 



S i ^(Dn 



;d ±IB^ia T ^ § W fB] ± L. 



^ /^m 3 c5^'fbi^¥#f*:)li 1 0 8 a t , Ha 1 0 8 a J: 19 tj^^ 



^ ^/ KS 1 0 8 t L 



^1) ■^^hti^M—mti.xhx^\ 
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p m^m9^^ ^ KJi 1 0 8 (D^m^m^m^-r^ms (Dm\:.<i^^^Mi^^ i o 



i^Je>^T^ b< 1 O 0 o:^^^i^->> ix^J^T^ J: '9^*L< 5 o o 



^(SjmJE (Vf) ^ig;T$it§-i:;eiS-C#5(D-e0^Uv\ 

^ 3 10 8a (i^>/^ < ^ A 1 ^-^tp^<b^¥^#:. 0* L 

<«Al„Ga,^N (0<n^l) ^)^^^^^^t-A^m^\^<. ^4(Dmtm 
0 8 b (i^f^ L< ttA 1 pG ai^N (0^p<l, n>p) , In.Ga 

,_rN (O^r^l) (DX.0ti:2^U^^ ^7tm,^(Dm\:Mli^=¥-^Pf^^^^^h^ 
p m^MB:^ ^ 5/ KJil 0 8 6DM 3 1 0 8 a i:^ 4 cO^'fb^l 



5 K 



dr> ^y:f^:^/l^^~(D:k^tim 3 (0^{b!t^N^#f$:)^ 1 0 8 a © p M^M^M>S^ 
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^f-^m 3 (Dmitm^MM^ i o s a p m^mwM&^^b^ < lt. ^<iy k^> 

^ 3 (Dmti^'^Mi^J^ 10 8a ---(JD^yF* bv^ K— b-C« 1x10 ^Vcm^ 

~ 1 X 1 0 2'/'cm\ § h {-^f * L < 1 X 1 O 'Vcni'~ 5X10 ^Vcm* ^DfSffli- 

i^s-r-So 1X10 'Vcm^ J; »9 ti^>;^^v^ t , mmi^m 4 (Dmitm^mi^m i o 

^fcl X 1 o^Vcm^ J:"? t>#v^t, IS^'T^^OSS < /ce5ffiin]}:ifc5o — 

m4 (DMiti^'^m-i^m i o s b p M^M#3ii,s«^ 3 (Dmt^^mi^m 1 

0 8 a ^3 ^j^^/c^lttl/f^^ <^ iff^L<«l//10 J!^_h^>/^v^;^^SM* LV\ 

^3(75mii^^2»M;0^^i£t5cLT< -5 pM^M^i^^^^'^. ^cDi« 1 
X 1 o^Vcm^ J^>^T;5^M* bv\ :>':7"^^/^^— ;^5;^^v^|| 3 

6c>S'fiiii^¥*^*^iii 1 0 8 ai^pm7fmm^{p^^< K-^LT. /^vK^'-Y^'^^ 

^tw^— ^^/h^v^||4(Z)^'fl:J^^#flsilgi 0 8 b(;ipM^Mi^^#< F— :/-r§ 

iSfe}^. p#Ji5^ ^ 5^ Ka;^^. pM^M^l^^^A UG ai.bN (O^b^l) J; 

'9?:eS^-g;^>^b/c&S^^. ^<^piRiJ^-)lIi7^5/ KJl<^IIIJf:}i. 20 oo:^^/ 

L< 0 o~i 0 o:ti^r^ h^—j^&.Ttir^o mm^^±w.m'vh^t. 

lbGa,_bN (O^b^l) -e$jSo 
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^mw-^^ ^ 5/ Kg<D p m.'^mm(Dm.mn i x i o i x i o^vcm\ ^ 

*L<«5 X 1 O'^—S X 1 0=Vcm\ J;l9$f*L< t±5 X 1 C~l X 1 O^V 



0. 0 0 1~0. 5 Aim, L< tiO. 0 1—0. j;«90*b<{*O. 

0 5 — 0. 2 /i m^-rSo JlI)¥;i^O. 0 0 1 AimJ; "9 ^>^V^i: pMG a A 1 NiJ' 

H^M^0(DG a A 1 Ni? ^ 5/ FJl<D-bic:> ^fl^<Z)M^^5— 7CiMBB(^G ^^^^^^ 
< ^'^'So Mg 1 X 1 0'«— 1 X 1 0 2Vcm\ b< ^5 X 1 0'^ 

3 X 1 02Vcm\ J: 19 0^ L< (11 X 1 O^Vcm^^-efc-So Mg^|£;iSi(^ 
n®it^l 2Hn#J=J>'^i5' hJS4±(c:, p tt® 1 1 }*Mg K— ^^p-iajG 



1 > P 



1 1 i LTflN i /Au/^^^^ffiv^^^i:^s-e§5„ 
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(Dj^^M 3 . 

j^^^^^ 2 0 3, ^2 n 'fliJ^'fb^^^ft^S 204, ^3 n'(|ij^'fb#)^#j$® 2 



0 5 , 7 , p #Ji? ^ 5/ Kii 10 8 &tJ« p filj =J h S 2 0 8 



iy 7 T e 2 0 2 . ^ 1 n ^Sll^'fb^^^ft:® 2 0 3. B 2 n iRiJ^f b^^^i^^S 2 
0 4 ^t/H 3 n m^it^^Mi^'M 205(c:J:oTn #J^I^ 2 3 0 -dm]^ ^tl. P 
m^y^y KSl 0 8Rnpm=^^^^ ^ hS2 0 8 i;i J; o T n -IRiJ'P^^ 2 4 0 



m^^aH 1 (D^'fl:#l¥^#:IK 2 0 8 a 2 (Dmt!l^^mi^l^2 0 8 b 

pm=x^^^^ b®2 0 8^«^-fSftfflB2 0(D^^t:#l^^^^g(D5'^^^^£< 

— 1 (T^^'fbJ^^^fls:!^ 2 0 8 a I n ^-^A/TV ^T, t^^m 1 i ^ 2 <Z)^ 

^t:ii^^^i^isi^2 0 8 a, 2 0 8 b t^^^^Kicmm^ntcm^^w^tir^^tiz 

-lJ:5^i;ei5-e^-5p^RiJ=ii^^^ hS 2 0 8 i i ^s-et 

8 nm^it. ]^T(Dm i i-^i^n i (D^tif^^mi^B: 2 o s a ^ ^ 2 (T^^^b;^^ 
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m 1 <Z)^fl:^^^fls|if 2 0 8 a 


m 2 (Drnti^'^mi^B: 208b 


1 


I n,Ga ,_,N 


G a N 


2 


In,Ga,_,N 


I n ^G a i_^N (x > y ) 


3 


I n,Ga ,_,N 


A 1 ^G a i_^N (0 < z < 1) 



<7)ffi:^ffi;^SS< /^ScDT\ ^J*L< ttO. l//mOT. J: 0^ L < 5 0 0 A 
J^T^ $b(^0*L<tt2 0 oAJ^Ti-^^-rSo pM:3i^^i^ hii^t* 

^-r am 1 ^ m 2 (Dmtm^^mi^f^^^^mn'tn^^n. 0 ^ l < « i o o Ai^r, 

i «9 $f * U < 7 o A^^T^ ^e>(-^f*L< 5 0 Ai^LTC^^-r^o i^. 
$f*L<tt. 1 0~4 0 AcT^fSfflid^^i-^o 

pm\=^^-y^^y hJi 2 0 8 ^#t^i"sm 1 i ^ 2 <z>^<bi^^#fls|^ 2 0 8 a, 2 

0 8 hcomJ^t: 1 0 0 Aii;lTi-^^-f Hi b^2(Dmt^^4-MW-B:2 o 

8a, 2 0 8 b OJiim^^ 1 0 0 Act ffv^ i:#S'fbi^^^#:Ji^5#t4^Pg#iii 

T. Hi tm2(Dmtm^mi¥^2 O S a, 2 0 8 b{t. ^^/^< ^ 1 J^T-JliiA 
^fc. H 1 O^'fbi^^^ft:!! 2 0 8 a t M 2 <Dm[:'^^^mi^^ 2 

0 8b c^^i-v^ < ^ v ^-fti.^^— ^{-M g ^(7) p M^M2^;a^^» $ p m=i 
ba2 0 8^^^^ bTpM*«tt^7i^-rJ: 9i--t^T.}^J;v\ :^fci. m\(D'mc 

m^M^^2 0 8 a^t>B2«Sft:i^if##:m2 0 8 b (DMJ^i^pm^m^^ K 
r(DJ:5{-. H 1 <b H 2 CD^-fbi^^^f^lI^ 2 0 8 a , 2 0 8 b(^)9^. ^^<7) 
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rtviCJ^oT. ^1 i;l|2 0^'fbi^^#^*:lil2 0 8 a, 2 0 8 b 



i^^^^jgflS X 1 0 i^/c m^~5 X 1 0 m^(7)fg|a'efeoT^^o— 

j; < . V ^-rtKomx p -fftiJi:^ ^ 5^ KS 1 o 8 i ^-T § J; 9 LT t fi:V \ L^^ L^^ 

1 8 a (D_h(;i p m^^?f^^-t-5 J; 9 -5 i i * LV \ 

#<-^^T-v^5^. ll2(7)^^k#i¥*M2 0 8 bic:j;t:gsLT^-<:/ K^-^5/7°^ 

^ti. mm<D^m3(Dmit!\^^mi^m^m^i^i^^^x\i. MiapM^^^'K 

fi, Al,Gaj_^N (0<x^l) ^^b^c^SSi: I n^G a ,_^N (0^y< 
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1) 7!)^h^j:^mt7!)^^^mz.mm^nfcm^^m^^'^'r^^ttm^i^^\ 
^(^i^^ig^n^ 2 0 8 b .ircDrB^K-m^M^^s 2 0 8 c ^?i^^Lfc,^-c\ mMmm 



x% m^mf^m 2 0 s 



V^5o -^!Jx.fi\ ^ 1 O^-fbi^M^^f^Si 2 0 8 I n^G a N L|g 2 (DS 



>fl^j|^^^^)^ 208b^GaN^ bfc*-^. m^feM^S 2 0 8 c HI 6 B { 



2 0 8 b (Cl^i-SffiicifRj^^oTff^;^!^!^.!. I nCDm^tt (x) 

^i$.m 20 8 a tm2(Dmt^'^mi^m2 0 8 b ir(D:^#-rm^;5^^jgic{-mb 

LTV>/£V^(D-C% S(^^ftB#i-^10^'fb^¥#^*:ll^2 0 8 a H 2 c^^^fb^^^ 

^ft:|ii2 0 8 b (D^#{::43V^T#^(D^*(D•(i^^I5:5Ih-et So ^(DJ; 5 t-^ 

2 0 8 a tm2<Dmh<^'^Mi^f^2 0 8 b i ^fiJcft 5 ^ ^^^-Ct 5o 
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1 (Dmtl^^Mi^B: 208a^I n,Gai_,N^L|g2 (Dmtl\^^i^ 



tS10 2, T> K>--7"G a NS 1 0 3, n M^M^^-a tf nf|lj:::i 4 . 

T^- K— :7"<Z)TS 3 0 5 a, n M^M^ K— TT^CDcf'ROji 3 0 5 b Rt/T^' K— :^ 
<7)±J1 3 0 5 c (7) 3Bd^^>/^5) 1 ^M^M 3 0 5, || 1 



3 0 6 a 2 0^«^2»fW3 0 6 b J; 19 n#J^ 2 #J 



3 0 6. 



^ :y Kg 8 X« P W^—f^^ 7 5^ KJi 8 , M g -T^p tlJC a N =1 h 



— :/GaNgl0 3. n'ffilj^i^i?'^:^ hS4. nffiOMl 



3 0 S^t/nM 



2^mBM3 0 6 {C:j;oTnftlJffi^3 3 0^S#|?5c$tL, pm^y^y Kg l 0 8^ 
•a^plRijG a N=i:/^i5' h^9(^:J;oXpiBl|^J^;OS«^^:^^5o 

CT^i"-5-b-:7T-rT, ^(om.. (MgAi204) <7) J: 5 ^ceitei^t4(^S 

S i C (6H. 4 H, 3 C^^t?) > Si, ZnO, GaAs, GaN 
*^^S(^?1^B5^C*3V^T, /-^^y^rS 1 0 2 i: LTI^, GadAl,_dN ({at 

y'^yyrM'i-0 2(DB:W-\'^. O. 0 0 2~0. 5 // m, ^ L< 0 . 005 



wo 99/46822 PCT/JP99/01 140 

47 

~0. 2 Mm. b< «0. 01~0. 0 2 n nKOmMi^m^-^ ^ o ^< 

^^yyrM 1 0 2 (D^^tU.&\'i. 2 0 0—90 o°cx^hX> . ^f* L< 0 0 

~ 8 0 0 °c(Dmm\^M^-t o ^«s^5-LtBi5H-efcs i ^c^#*£^ ^ «9 . 

::^GaNJii 0 3«g^^i:5i:r:/K— :/GaNjii o 3 ©IS^tt^^ fi0 

19, T^'K— •T^GaNJll 0 3±(c:^!feg$-^^nmiJ^^^i^^ h€4/£^©|g^Htt 
tiSL^t^c^So T>' K— :/G a 1 O 3c^||ij¥i! UTf^. 0. 0 1 iiray.±r^ 

^fcT K— :7°G a NS 10 3 <Z)flI/f:<Z)_hpg(i#i;ipg^$ tl./c^V^^s, 

m^W^^ 3 X 1 0 'V c $f * L < 5 X 1 O c i^A±<D^S-e 

t V f ;OSiSTL{::< < ^fc. niRiJr^ ^-^^ {i, 

^M«^;^^^vh$v^^^#(7)^^7:eT>- K— :^G a nS i o 3±^c:?f^fife$i^6 ^> 

SMf^ nSi^Mti^^ LTV ^5 b-fis^tt^s^f i^?f^^-rs ^ ^ ;6S-e 

niRlJ^^^^^ hji4(^|a^{i, I n,A 1 fG ai.,_fN (O^e, O^f, e + 
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fiK-t"-5ji'efe-5C»-eo. 1 ~2 0 /zm, 0* L< ttO. 5~10/xm, j: $f 



3 0 5(*, r 



^ K— :^c9Ta 3 0 5 a, nM^M^ }^^—:f(D^mm 3 0 5 b, K— :/c^± 

3 0 5 c(D<}^f£< t ^) 3S;i^M#fi5c$HTV^5o 

/c^a^fi, ^i^i-. ^m^wM^^xfi:^m^^mm\^x^^x%hn^'^m^ 



3 0 5 ic:(^_htBTJi 3 0 5 a ~ JiS 3 0 5 c 1^^(D 



3 0 5f^, ^Stt^^^b 



tbbTii3 0 5 a~±M3 0 5 c ^m^'^^^i\:M0^m^W-t LTf*, I n 



g 



AlhGaj.g^,N (0^g<l, 0^h<l) Xm^MU^ (D%^^^(Dmt'^'^^ 



fcH 1 



niftJ|gl#J 



5 <7)#ji }i|a^!5c;eis — T ^> ^ o T V ^ T % J; V \ 



3 0 scDfl^fffi, 4#(;iP5^Six?*^v^d^ 1 75~i 2000 



:^l^'!7^^ Yn^J^X^Xi . 0:iL< }il000~1000 0::^^^^^^ Yn^M.X 

L<t^2 0 0 0~6 0 0 0;^->'^'^X hn— i^Tfc^o ^ 1 #J 
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^tmrncDmrn^^-r^m i ^sne 5 (Dmrn'^mm-t. t® 3 0 5 a , tpr^ 
ji 3 0 5 b , Rv^±.m 3 0 5 c (D^^m^kM^MM. LT. m 1 ^mbm 5 (om^ 

^ fc. ;$:^JS<^?l^^e 5 Tl*. nfiij^ i ^MBM 3 0 5 ^Wfig-r^TS 3 O 5 a , 

5 cf'PHlii 3 0 5 b mJ^-tM 3 0 5 c c^#IKi?:(>l|5S^$tuS 

(1) mmi 

TS 5 a (7)IIIff^ 3 0 0 0 A ^ L. 5 b COm^^ 3 5 0 A <h LT. ±ji 

(2) m^2 

TM 5 a (D^W-^ 3 0 0 0 A ^ ±ji 5 c ^ 5 0 A ^ LT. 5 

^oMm^m 1 0 A^t/m 1 0 B };:;^i-o 

(3) Mf^3 

tfirae 5 b (DmW-^ 3 5 0 A ^ L. ±M 5 c (^jHI?^ 5 0 A i LT . TJS 5 a 

^(Di^^^m 1 1 A^t^^ni 1 1 B {;i^'ro 

n^ik^-t^MMMs 4 i[^«(D^f^-ef-^ML/co HI 9 A—HI 1 1 BiZTjkV 

fzH^mn. IIWJ3 4 ^(Dj:b^}CfflV^fctt§»!|<7)LED^^^ Lfeo j^, I19A 
25 1 1 BidjoV^T. P of^^3tl±i;'3^^U, V i mmJjl^W±^^i-o 

&.±(Dm^^^iz.m-^y^xnm'r^t. r-^ k-t^cot® 3 o 5 a (D^mi^. 

100~1000 0:^i/i5'';^ bn— A, 0-^ L<tt500~800 0:t>^':^ h 
A, j; L< f±l 0 0 0 — 5 0 0 0;^^^/^;^ bn— i>>Tfe-5o T:/K— 
:/(Z)TS3 0 5 a (i, HI 1 1 ARXfm 1 1 Bi;i^i~J: 5 J-s )iIJ?^#^ f-ff < L 



wo 99/46822 



PCT/JP99/01140 



50 



10 



15 



20 



25 



TV^< i#fl;»BE^5J:^bTVK;0\ 1 0 0 0 0:t>'^:^ hn— A^jfiTV f 

nM^M*^ ¥'—-:^<^^^M 3 0 5 b col^J^n^ 5 0—1 0 0 O;^^'^^';^ hP — 
$f^L<{il 0 0~5 0 0;r^i^^>> hn— -^.^ J; t^) 0^ L < }i 1 5 0 ~4 0 



r > K— >^(5C)_hJl 3 0 5 c (DmW-Vi. 2 5 ~ 1 0 0 0 :^ly-^:^ h 
L< (4 25 — 50 0:^^i5'~X fn— A, J:i90^L<i42 5 — 1 5 0:t>'^^y^ h 

A-T?fc5o ^(^T^^ K— :/(^±S 3 0 5 c (4, B 1 ^jp/UfDtf^-e^&ttjilce^ 



_hB 3 0 5 c (D 



^^fc-5o 0 9 A^U«|2|9 B(C7j^$H^ J: Jig 3 0 5 c 1 0 

J^±iZ) J: 5 TS 3 0 5 a — ±ji 3 0 5 c (D^Ufffi. Jiffiic:^ Lfc J; 5 

#jsc^jiii?<^«{-ij: '9^#^t^^■rv^m^^ltt^^-ag L. Mid, re 3 0 5 a . 



3 0 5 b 3 0 5 c ^U^^i-^^tzM. 
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1. o^h<i) -c*$t^sla^-cfctl.^^<]; < , #jic^ia^/5S|^— trt>M/d:oT 

K— T^fttt, it#i^PI^^tb/£V^^^ 3 X 1 0 'V c i^Xii. $f*L<}i5Xl 

nM^M^i: bTfiS i , Ge, Se, 0#<D^tt«#SII IVB;^, ^ VI 
B:K5n*^illKL. 0*L< ttS i . Ge. S ^nM^M#)^i-2)o 

^MM(Dm^.b\Z.iid\^X. n#lj^2#g)^jg3 0 6}i, I n ^^tf^ 1 
0^tt¥^^$:fli3 0 6 a ^(DW> 1 <^^it:i^¥¥#;II 3 0 6 a ^^^c^^ia^ 

^^-r^^2(Dmtm^mwm^ o e b t;^s^ji^;^^/c#JiM^^?5/c^'5c i<^m 

1 (D'^i\:,m^^MWB:3 0 6a, ^^cfi^2(D^'fb!^^^#:|l3 0 6 b 
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m 1 (^^'fb#)¥##:)l^ 3 0 6 a XiiH 2 (D^'fb^J^^flsM 3 0 6 b (D/i'V^ < t 



a . ^ L < 2 «^ft:i^^#^)^ 3 0 6 b (Di^^um^&< «9 . ^mmM^i^ 

*/c, ^1 (7?^{b^^^f«3 0 6 aRXfm2(Dmit!^'-]^mm^3 0 6 b O)^ 



2<^^'ft:#i^##:)il3 0 6 b (D—^i)^ 1 0 0;e-^i^->!> h i>^i^T<^^-^'r 



3 0 6 tf^X). r (^l^^tt 



it(Z)±{c:?£t4S ^^ft $ i^r^ i . n mW, 2 ^iBlKS 3 0 6 y 



if-%1^(oym. 5 {c:*3V^T. n jim^ 3 3 0 {c, MlSn tiJII 1 



3 0 5 i 



-hta n iliJIg 2 



3 0 6 ir^ia^-g-tj-itsi^ ^^tii;'j^^rR]±u, v f ^s^g 



3 0 6 OBlfiB^ 1 O^-fb^^^^^^S 0 6a ^/cf^tff 



ISM 2<D^^b#)¥*^^fli3 0 6 b < i ;^cDiiI/f:{±, T&mir^m i 

(Z)^<bi^4^^^^lll3 0 6 a ^fc}*^ 2(7)S>fbife^^#:)|^3 0 6 b |^±■C5:v^^^ 



itm^^-mi^ms o 6 a, ^f:i}~im2(Dm\:!^^mi^B3 0 6 b[^±-esv^t^m/£ 



XJ^m 2 (^^^bi|^¥^#:|^ 3 0 6 b ^ 



m 2 (Dmt^'=¥^mw-B 3 o 6 b (^1 (^^ib#j^#f« 3 0 6 a ) (Dmm t 
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53 

^tt^;^c^ 1 (Dmtm^^^i$-m3 o e a (H 2 c^^'ft^^^^:!!! 3 0 e b ) o 

WB^'i 0 6b a Lfc^-^. G a Ng <!: G a Ngic^rsItT) I n G a Ng(Z) 



flsl^^ InGaNiL> ^2 (DWcm^M^W^^G a N ^ L/c^-a•^ G a Ng ^ 
G a Ng-^COrs^cT) I nG a Ng(Z) I n|a^^^tig(^^3fii-S(v:tJ^oT<^^{:i# 



jo V ^ T a JIf ^ « 



-blEcT) nftiJM 2 #jimg 3 0 6 fi. 1^!lx.tt\ 0 8 J: 5 {-^ ?St4a 7 



com 1 (^^fb^^¥^l^)gtmi^cesmfife^#i-5^2(Z)^'^b^l^^^^^fl^^^s^Ig$ 
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3 0 6 f:ijol/>-C> 



n 



2^J 



3 0 6ffim\±mi^^\^xn^ii^^thx\^^^m^. f^\±m<om^)] 



ij^ii 3 0 6 (D^fiillllJ^ 



{vIPbI 9 ^ (^-ej±/^ V \ HI 8 Xn n {I!J^ 2 3 O 6 St^S 7 (. 



3 0 6 ^^^^^^^(^rHlJ^. ft!l(Z)n 



m 1 I n ^-^tf 0^ L < 3 ^M^O I n 

kGai_kN (0<k<l) i Lv § L< iiktt^^O . 5 iiATO I n a 

3^m^(D I n,G a ,-„N (O ^m< 1 , m< k) ^^M^^. b< fiG a 



N-efcSo 0 2(D^^bJ^ij^#^^GaN^-f 2)^. ^^$:i-l|S^t4(Z)^Vv 



kN (0<k< 1) ^ % 2 (D'^it^^M^^ I n„Ga,^N (0^m< 1, m 



<k) , 0*L<(iGaN^-r6m^-^*5-^;is^if bnSo Eic^^Lv^m^ 



LTfi. ^1 <Z)^fk^^^|*:Jif(Z)k{it^So. 5 J^;{.T« I n^G a ,_kN-efe 
"9. ^2<D^'fbi^4^#^^)l^;Jl^GaNi:(7)|a^'a'^-&T^fc5„ 
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/^*5nM^M^<^ bTf*. Si, Ge, Sn, S^cDIV;^, VI I^^S^^f ^ 

10 {ii X 1 o^vcrf jgATi-wi^So 5X1 o^vcm' ct «9 h^^^tmtm^mw- 

^MMfDmm 5 V ^T . #Mfi;^-#F«ig(?)S^t4JS 7 tt, in RUG a 

W-t" S ^*L<fA, In,Gai.,N (0^a<l) -C?l^^$tl.> 
tJ^VX p ^^M^ ^ ^ L T t cfc V Stt® 7 n m^m<^ ^ K- 

t -5 o ^^'\^m 7{cp m^m^ ^ v—y-r ^t^o KPBm^« t"- ^ -^s j; "9 

20 0 . 5 e V^£V^ac^/^df^-a!J^^t°— h^-^S^:i:;a^-e$-5^^ 

i|istij[S:</£-5o fettiSi^ pM Wife i nM^Mi^^ (7)35?;^^ K-:/-t5i. 
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—Jj. PtMS«»J¥§{i 2 0 0 0;^^^><. ha— i^:iiJlT^ 0* U < 5 0 0 
10 PM-tSo 

15 (O^b^l) ^^^/c^S^— STfe^,, 

p m\^mm^ y v kjs i 7 (o^mmm^msjtr^m 3.^4 (^o^fb^^^i^^ft:/^ 

20 -^J^T, ft'b^?^ b< til o~4 0;^:/i5^';^ hn— ^3^ 

25 T^it;05^^<}£i?i^'^/h$v>pJi;a^t#?3tL. ^^(DV f . LtvMjl^s^TLB 
pftij^gflf ^ ^ y KiS 8 (Dl^Mm^s m^^R^^n^^^^-^^K 2 0 0 0 ;^>^^'^ h 
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i^^T^ 0* L< {^1 o ooiri^^::^ V^—J^&^y. J: 19^* b< ft 5 0 0 

„Gai_„N (0<n^l) ^^ft ^-frS ^ L < . ^ 4 

0^ L< ttA 1 pG ai.pN (0^p<l. n>p) , In,Gaj_,N (O^r^ 



H 3 (Dmt<^^^MPf-f^^(^B^ K— LTtt 1 X 1 0 'Vcm^^ 1X1 
0 ' Vcin\ ^ h L < ft 1 X 1 O ' Vcm^'— 5X10 ^Vcm=' O^Hi^PM-f 5o 
1 X 1 0'Vcm= j; '9 t)^!'"?'^V^i, I^#(c:||4(D^ib2|^^#^lii^<Z)|I^S/>/^< 
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pM^M^-ir LTf^Mg, Zn, Ca, B e^'^mM'^Mm UAm. UBm 

ri;}-. p ftlj ^ ^ 5/ Kii 8 pM^Mife^-^^A 1 ,G ai.bN (0 ^ b ^ 1 ) 
J: 19 -5 S ^3 S M^. P #J^— liiJ' 7 5/ KiS 8 ommtt. 2 0 0 0:^^ 

L<}i 500 — 10 o;a->'i5'~';^ hc2— ^^^T-cfcSo I^ff/^^-biafSffl-efeSir^ 

AlbGai.bN (O^b^l) "efc^o 



p#J^— fl^iJ^ ^ 5/ 8 CO p ^^M#?CO^^^}* 1 X 1 0 1 X 1 0 2'/cm\ 
/if^ L< tt5 X 1 0i«~5 X 1 0 2Vcin\ i 19 0^L< «5 X 1 Qi^— 1 X 1 0'° 

<z)mfife^ I n, A 1 ^-^*/.^v^IlJD^ii^Hos»¥^»^^:^-rSo -(Hi- 1 n. a i 
L-cv^^> ^ , p ma 1 1 ^ 5^ ^ mmm^hnfi: < >fe "9 . 

iaT-r-So pffi!l='>^i5'i^ hS9C»)!^ff:fi 0. 0 0 1 — 0. 5 Aim, 0*b< 
{±0. 01—0. 3 iim, J: >9$f^ L< {10 . 05 — 0. 2 /i m-CfeSo fllW^i^^ 
0. 0 0 1 /zmj^l^ ts^V^t pMGa A I N ^ y irfl;M6^t-M*& L^i"< 
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X 1 0'«~1 X 1 0^'/cm\ ^*L<(i5 XI 0'^~3 X 1 0'Vcm\ J;^30^L 

#^ti.B<. V f ^5|£TL0*LV\ 

^ti, nS@l 2i^njlljr3^^^ hg4±(^, p HllttM g :7°p {IijG a N 
^^^^^ hjl9-h}-^tb^'ti.0^$tbTV>-5o nm@^t>^P«^^69|t^4.^ UTfi 

^y<^yZ7rB2, r K— a N® 3 , S i K— :^G a N J: 19 ifeS n 

i7 hJl4, T^^ K— :^G a Nils. nS#JilI^S6. I n G a G a N J; 19 



-5 7 , pM#j 



8, Mg K— :?"G a Net IQ^'^S p 



6 ^t/ p 



6 &t)« p m^i 



8 t LT. 



1 ~ 5 



-k 1 ^^t>^ p mmc 



wo 99/46822 



PCT/JP99/01140 



10 



15 



20 



25 



60 



6 U}^(7)mti^'Pt^< t'h2 



G a,^,N (0 ^ z < 1 ) im 1 (Dm\:^'=¥'mmMl <h I npGai_pN (0<p< 
0 . 1 Jt^i.T'^^ I HpG a i^N-efcSo 

^flg^S x^iftO. 5^T<^ I rixG a i-xNT'^jSm^-n-tJiir^S^lf ^t^So 



n 



6 ^«^-rs^-(^Sfbi^¥^{*)icZ)ll^fffi. #i^pg^§;^^.:^^v^^s^ 
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n 



o 



6 



[5H^$tb?fcV>;e)S, 2 5~1 0 0 0 0:^ 
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^0*L< f*2 5 — 1 0 0 0;;a-^i5^'^:=^ hP — i^i?feSo ]^\^^>:L(D^m'<:h^ t s 



6 ^mf^ir^miti^^mi^m t l 



n 



IT'}*. nM#J 



6{i, ^&tta7^c:^LT?l^^tg^nTV^^;^s, ±taL;^c 



6 ^^i*jB7 <t(D^1i:i, ftlKDnM^fbi^iiij^flsJ; •9/c^'5®;d^?I^fife^tbTV^-t^jJ: 



6 ^1#^[fe-r5^-o^>fL«^^^^*:J 



n 
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i±J 1^ _L L^-r V ^iKlR] i>i 5 o 



o T t> c J: < s »^ L < S ^ i ^^^if P>ti.So 



0 ^Vcm^ SjIT. 0* L < 1 X 1 O^Vcm^ i^^T^ TPSi LT(^ 5 X 1 0 'Vcm^ 
:^^mi^^^^X, nM^Mi^.^ bT}i> S Ge, Sn, S^(7) IV VI 



8 tt, mfi5c(7)M/^ 5^>/.e <t-h2 



Gai-,N (0<x< 1) im 3 (Dmt^'^Mi^m'] t I n,Gai_,N (0^y< 
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pM#SMji8(D|IIiJf:i LT}i. ^l#{^PS^$n/<^V^;05, 2 5~1 0 0 0 0;^ 
hn— i^-e^^i^. 0*L<f^2 5 — 5 0 0 O:^^'^:^^':^ h ^ — •l^.'V h 'O . X 

c ^ (vi cfc . ^Jims ^^^^^ Wit t o #ei^Ji (D^mm^^ ^<f£^(D-^\ 
n^m^. />/^< i*)-;^<^iiiJ¥^. 1 o 0:^^^^^?. hP-AOT^ $f*b<}* 
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65 

10 sri;55-e§So 

'tea 7 }ci^bT?f^fife^nTV^Si <!;;5S0^ UV\ pM^jilUji 8 ^s^tt® 7 \z.^ 
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4 (Dmit'^t^'^mi^m-vmt) ^xh^^\ 



8 IS, ®'l4Jl7}:iSb-t?f^^$;ixTV^-S;^s, JitSL;^: 



J; 5 5-, P 



8 tt^^m7 t(Dm\^. m(DpMmtii^^rmw-^^^£^m^mf^^thx\^^xh^ 



8 (Dl^fm^ 0 . 1 /i m^^;lT^ $f ^ L < 7 0 0 



^^-iT';^ bn— i^e^Tx $ b< fS 5 o 0 ^^^'iJ'^^;^ h A]Jj^T(--rSo 

*fc. ||3S.t;«^4(D^'^b^^^^^M<^v^-ri^;0^-;^(^. p M^Mi^;^^ K-:^ 

*fc. ^3^U«^4(^^'fk#i¥^^*:IIi(^[M>?ji-pMWi^^ K-:?^-^^^:-;^- 
jOST^' K-:/(^^'^l-M:-<T. y rjliS;^^!^ < tf:^(DXV f ^^<STUf 

*Lv\ ^3^t>^||4(7)^^b!^^^^^llf«Z)(M;^i;ipM^M#i^ K-t^-TS^^s 



M^Mife^LTti, Mg, Zn, Cd, Be, C a #(7) II ;K7U*^0*L<j1 
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^/l^ (MgAlzOj (D X ^ ti:BB^^(0&^<^^. SiC (6H, 4 H, 3C^ 
^£p) . Si. ZnO, GaAs, G a N#©^^#:St^^fflV^5 r ^ ^S-e^ 5, 
5/ 7 rJS 2 ^ LTtt. GaaAli_jN (-ffi L d }t 0 < d ^ 1 OtSffll? 

^H'r4(^a^C#;^^mi^<h/^'9. J: «9i!f*L<fiG aN^^f,/^S^^5^:7 7'ji2^5#lf b 

^'^5':7 7'J1 2(DflIjf:(i, 0. 0 0 2~0. 5 ju L< 0. 0 0 5~0. 

2/xm, j€l-0*b<«O. 0 1~0. 0 2 nm(D^mi^M^ir^o ^^^y^T^ 

v'Tg2(Z)^;B:M^{i. 2 0 0 — 9 0 0°Cl:fe«9. $?*b<ti4 0 0~8 



0 0°C(^teH}3:fSfti-So 



9 0 0°C~ 110 0°C-ei?fe:H:§*. I n^A 1 ^G a ^.^.^N (O ^ f , 0 ^ g , 

f + g ^ 1) -eWfifet?^. ^cDm^^}t#(;iPp^ 5 0^ L < t^G a 

3ifa]#{^, I n f A KG a i_f_,N (O^f, O^g, f+g^l) Xm^X^ . 
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T^' K— :/G a NS5 ^ LTfi. ±|B<^l^«(-> I A 1 ,G a ,_f_gN (0^ 

f. o^g. f+g^i) xm^x^ , ^(Dm^n^i^r^ 5 tJ(Z)-ti±4^v^^^ 

^b<{*GaN. siUTi^O- 2J^Tc^A 1 ,G ai_,N, ^fctif tt;0SO. 1 Jg^T 

6 ^-c. ±tdr:/ K— :/g a NJi5(;i^x.-r. 

5 i r ^ K— :7°<DTS 3 0 5 a, x^m^Wk Y—-f(D^f^m 3 0 5 b, 

K— ::^©-hS3 0 5 c ;^)^b/.e5#jSJi^Si LTti J;v\ 

#Ji)liS}*, Wm%-h^h. t;/K-:/(7)T®3 0 5 a, nM^Mi^K--7°(Dft' 
25 F^g3 0 5 b, r^'K— :7"c;o±Ji3 0 5 c©{i'^/^< it) 3 M^^?>1ifi^$tT^tv^5o 

#eilIJli-«_LfeTa3 O 5 a~±Ji3 O 5 cJ[^Ai51^(D^c^ft!l©e^Wb"CV>Tti 
±|fiTS3 0 5 a~±ji3 0 5 c ^W^i-Smti^^^^i: b-Ctt. I n,A 
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1 hG a i_,_hN (o^g<i, o^h<i) x^m^n^m^ (Dm.^(D-Mi\:.^^^i^ 

^Mfl^Mcof^W-n. #(cPH^§tL?'.^v^^s 1 75~i 200 o:t:yi^y^ hn — 
5 -^-c&"9> b<fiiooo~iooo o;^-:xi/>> hP— i^-cfct^x J: ^9^* 

L<{i2000~600 0;^i/^/>^ hn— A-efc5o ^m^M(DmW-7!)^±t&^m 

±.m^m(Dmm^^ir^0mmm(Djmm(Dm^i~i. res o 5 a, ct^rBiss 0 
10 mt't^^tw^i^^\ 

^mi^^^^i&'f'^Tm 3 0 5 a. 3 0 5 b &I>±S 3 0 5 c 

Ti^ :7"(Z)TiS3 0 5 aoflifffi, ioo~looo o;^^^/;^ hn— 
20 $f b<fi500~8000 h t3 — A, J: <9 L<tiiooo~50 

LTV^< iW^S»ffi^^±#b'CVK;0^ 1 0 0 0 0;r>'i7^^ ha-i»{«l: V f 

n M^j^!^ \i—zfco^:3f^m 3 0 5 b <Dmmt.. 5 0 ~ 1 0 0 0 

i^. 0* L< }il 0 0 — 5 0 0;^^:^;^ M=!— J: tp^^ L< fil 5 0~4 0 
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T K— :/<^5_hji 3 0 5 c (D}Bm-\'i~. 2 5 ~ 1 0 0 0 -^^y^^T^ tti-^ 
L<tt 25 — 50 0:tl^^y^ hT^—J-^. J;'90*L<fi2 5 — 1 5 0;^^/^^><. h 

iig 3 0 5 c (Djmm:^^ 2 5 h n — i^*v^-ti^ y -^5' si)St^^ii>!jp-rs^®iB] 

:aSfe6o ±g3 0 5 c(^)||fl?^Si 0 0 0:^i/^^>^ hn— A^^X.^iV f 

J^±<^ J: 5 TS 3 0 5 a 3 0 5 c (T^^fl^l^fi. ^M(Ofl^J^(0^mi^. 

j; ^ #< 5 ltS*^#r4t-i^i Mi-. TS 3 0 5 a , 4^rBlii 3 0 5 

^mBm^mf^-r^^m 305a, 305b, SOSc om^}*, I n„A 1 „ 
Gai-m-nN (0^m<l, 0^n<l) X^^n^U^XhKi-£X < ^ ^M<D 
U^tm—XhWJ:^X\^X~h^<. 0^L<f* I nRXJA 1 (Df il-g-^vh $ v ^|a 
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71 

/iV^;5^> 3 X 1 0 c ^ b < 5 X 1 0 'V c SX±(DmM-^^^ 

niy^^M^^^ LT»S 1 . Ge, Se, 0#(75j^,^#^|| IVB;^, 0 VI 

10 7 ^ LTti. ^l'^/^ < I n ^^/y-e^^^S^^fb^J^^i*:. b 

< I rijG a i.jN (O ^ j < 1 ) ^^/v-C/^§#FS^#i-S^— ST-^F^ 

20 IKS'? So 

I rifA 1 ,G ai^_,N (O^f, O^g, f + g^l) Xm^X^ , ^(DUm-^ 
25 V\ 

■So 
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n. 



o i"K 



04) (D ^ m&B^(7)&^C0i^. S iC (6H, 4 H, 3 C^^tl) .Si, 
ZnO, GaAs, G a N^c^^^fti^^fe^ffiV ^ ^ ^S-e^ ^„ 

TtTMG ih]} ^^/^:^V ^^J^) t^m^\ ±KG aNX^^£^y<iyy 



ft § -fr S ^ 1 60^^ 5^ :7 r JS 2 }iStS(Z); 



^^5'7TS2fifeS^, TMGC9^il;i?)T. 1 0 5 0 °C * -e±# $ -it S o 

5/ :7 T a t^^fe i-fi5cft ^ -It fern icD^-^ 5^ :7tS 2 J; 19 ^^i^^a. Mx.{f9 o o°c~ 

1 1 0 0°CTfigS I n^A 1 yG ai_x-yN (O^X, 0 ^Y, X + Y^ 1 ) T« 
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-yrM^ hWM\z.^ i i yC a i.x-yN (o^x, o ^y, x+y^i) -i:#^-e 



3 (D/^y-yrM 5) 



(D^^-^r/^-JgS T n^A 1 yG a, ( 0 ^X, 0 ^Y. X+Y^ 1 ) Tit/xg-ei:. 

lxGaj_xNs *fcf* Y 'fg^^So. 1 :^TCO I HyG a j.yN ^"TS 



( n 6 ) 



6 ^T^ 



8 0 0°C{;iLT. TMG, TMI , Tl^^^T^M^\ T^-K' 
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(?g'l±Jl 7 ) 

iEV^TM^8 0 O^Ci^LT. TMG, TM I . T V^:=^T^fflV^r ^ 

So ^LTP$ii+#F+i$ig+#F • • • ' +mM(Dm-^'W.^m^5m. 

/^5^t4ii7^fife;S$-ti:So ?£'|-4S7}*|$|gg;0^f^aiiLfc^s^ aeHlfitt^F® 

— ^^T. ^ h i-^?* b < 5 0 b p — i^Jt^TJ-ii»i"So i o o 

( p iiij^ems 8 ) 

^(d, TMG. TMA. r^^^r. Cp2Mg (v^^ in v'^icr^/W 
^fflV^, M g ^ 5 X 1 0 ^Vcm^ K-:/Lfc p #.A 1 0.05G a 0.95N J; "9 

p2Mg, TMA^lhfeTVK— :7°GaNj:i9/£5^40^'fb#l^*^^li^^2 5 
W, 4 4 ST L^cSt&^ J; 19 ^'^S p ^J^SmS 8 ^ 2 0 0 

icV^T 1 0 5 0°C-t:\ TMG, r^^^T^ Cp2Mg^fflV\ Mg&lXl 
O^Vcm' T^LfcpMG a N<t <9 /cC 5 p ft'J ^ i> h/S 2 0 8 ^ 7 O 0;^^ 
^-p^ hu^M.COmfm'^'S^-S:^^^. pM^l^^^ hg2 0 8 I n^A 1 vGa^.^. 

,N (o^x. o^Y. x+Y^i) T*«^-e^. ^(DmM\±mz.mo h(Dx^nf^^^ 
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RiZMT^k. Mm^^&^x-rn\ ^hi^mm^m^'p. ^z^—^^^Rit^^m 

=^^y^^^-^^^k. :&±®(-*i>6 ptiJ^^-i^^ Ym<^m'^^^\^B:W-2. 0 Oir^^-^ 

:^ hP— ACON i <^ A u ^^tpig3lfctt<7:' p tt-m 0 ^(Dpfil^l 0(7)Ji{-l;Jf 
i/y'V >'i^^^ffl(D A u J; «9 5 p 5/ KS^^ 11^0. 5 m<DKff-e?f^figi-'5o 

^(?5LED^^}^|li^fR]a;jE2 OmAi^^aV^T. 5 2 0 n m<Z)|ifii^fe^^^^ 
VfT^O. 8V3£<{&TL. m;^^i2^tJg>l±i^fR]±LfCo lOmA-e 

«figLfc;55. ■ftilO I rixA 1 yG a,.x-YN (O^X. 0 ^Y, X+Y^ 1 ) , $f * L < 
}i I nia^^^^ 1 (DmVM^^MW-i^ 9 tj/J^^ I n G a NT'tH^-TS C i 
2)o pfi!j#Sll^St:»^-rS|l4 (^^jl:#J^##:Ji^«G a N-e«fi5c Lfc^S^ 

ftlKD I rixA 1 yG ai_x_vN (O^X. 0 ^Y. X+Y^ 1 ) . $f ^ L < «M 3 (D^fb 

>bA lffi^^fe(Z)/^$V^A 1 GaN-eltfig-r^^^tj-etSo 

TV K— :/G a N ct 19 ?'i5||2<7)/^S/7TJS> Si :/G a N i 19 S n^i):^ 
— ■:/A 1 0.1G ao.9NB. Mg K— ^G a Nd^^jT'^-S p'fftij^i^^i^ hS^llii-^il 

^iS^^ 2 . 
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8 



i|3. 



6 &^S-ra^(^. II 2 



^^^^t#3^i-t^"fi-. Mg^SXl O'Vcm^' K— :/L/cpMA 1 o.iG acsNSJ: 



S i ^1 X 1 O^Vcm^ K->^Lfc I ncosG ao.97iii: ^ 2 OSIbi^^^^M 



:Sr. s i ^5 X 1 o'Vcitf K--:/U/cGaNiri-'5o ^fc, p^J^amS^ 

*&^-«jti-&T(-. Mg ^ 5 X 1 O^Vcm^ :^bfcpMA 1 o.iG ao.9NJi j; '0 

iife^y 5 . 

ill (^*dV>T> ||3(D^<5 



MMM 6 . 

^JfefiJ 1 Jvi:j3V>-C. ^3 o/^s/:7TJi 5 ^figft^-i^T^ § fe(c:p#J#Ji)iIli 8 

Sr^Si-^^(-> TVK-:^A lo.o5Gao.95NJ:'9/^6||3(^)S»¥#fliBI^ 

2 5;r:/^~"^ h^—^t. K— :/G a N J; >9 /^S^4 ^^-fbi^^^f^lll^ 2 
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ij7. 



6 ^fifeft^-frSI^. K-:7"I no.o3G a 



8 Mg^5 



yi^f^pmA 1 0.05G ao.95NJi^3 5:^i/i?'>^ hn— ^Sfei-T^ K— ^G a N 



lis. 
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M2 com t ^^Si- 1 0 STo^jg 1 Og^^ I no.3G a 0.7 



N^/^S j:5i-b-C. mi/PS 0 0:^1^^:^ bn--i^on#J 



8^^ft^-^5i^, Mg^5 



K— ^ LT. A 1 <7)|a^i;b^^T# < L/t p MA 1 G a NS ^ 2 5 h a 



19. 



ij7 J:i:JoV>T. pM 



8 
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mMM 1 0 . 



8 ^^mmm t -lir-f {-X M g ^ 5 X 1 0 'V 



cm^ V—ZfLtc p MA I o.iG a o.gNfi J; 19 § p tt'J ^ ^ 5^ Kill 0 8^2 0 0;?)- 

MM 1 1 . 

jfiM8^i^(cL. ^ e>(>ip<iy#ji)ii^t#fife-r5^3(D^'fbi^^#i*:(DA im.s^^ 



■MM 1 2 . 



8 



— ncosG ao.9sN j: "9/^5^2(DSfbi^^^fls|^^2 5::^-^/^^':^ hn-A^ 

MM 1 3 . 



0.95 



^K— no.iG ao.9NJ:<9Jfe^^2<Z5^fbi^^^#:|Ii^2 5;r>^iJ'^:^ hn— 



iJl 4. 



K^:/ I no.o3G a 
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6. I^ife^ij \(D^(Dh (S{^|^#(7)i|#tt^#-t-5*T-;a^#btL:fco 



111 irl^^i^LTLED^^^-f^S^L^^c^ 



5. 



8 <l:^i5c«^^S|^. Mg K-7°Alao5Ga 



i| 1 (D%>(Dh\'^ 



-MM 1 6 . 



ij 1 6 (omYm^^MW-M^n^. m s p s o t n 



;2^^Jfe^J 1 6 (Dl^— tf Kfis 8 0/2 m(Dff^(DG a NS^5 0 (7)±(C1, 



(1 
(2 

(3 
(4 
(5 
(6 
(7 
(8 
(9 



3 Mm(D/f:$(DS i :/(7)G a Nj; i^^^^-S nMG a NS 5 2. 
0. 1 /z m<Dff$0 I rioiG ajgNS 5 3^ 

I n^G ai^N/nMG a N ^> S S*&T-«3g<^ n {RiJ ^ KS 5 4 . 
S i F— >^^tLfeO. 1 /zmCOff^c^nMG a n^;^^ 5 5 , 

I no.4G ao.6N// I iio.ozG a o.98N#Mfi^#F«^C9Sttii 5 6 . 
Mg;aS F— >^$Hfc2 0 0 A(Dlf:^(DA 1 0.2G acsNiSS 7. 
M g F— :7"^tl.fci 0 . In m(Dm $ P MG a N^;^?W FS 5 8 , 
A l,Ga,-yN/pMGaN75>b/^5^*&^fl|jt<?^pftiii5'^5' Fg 5 9 , 
MgjOS F— :/§:iT^fcO. 0 5// mcDl^^cDpMG a N^i^^^^ hM6 0, 



t 2 5 A(Dl¥$^WLri^ F— I n,G ai_,Nfl^^;^5^§.2 4 OM. ^St-fl 

n CI?, nftlj^ ^ V FS 5 4 {e 



:^oV^T. F— I n,G a..,N|^}i, ^lief-ifi-^ < i-t^^o I n<^fi 

;0S#< /^S J: 5 xcDjit^o. oi~o. 3(Dmmxm^^it^^^^t\^^ 
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I no.isG ao.8sN^f5®;ei5. 5 0 A(D/f: $ L S i ^^V—y'^thfcI no.o2G a 

0. 98 N Ptig ii i: 5- IS it ^ ti^T S o 

<?)fl:;^s/i,^/^< J; 9}^, y(z:)m^o. oi~o. 2(7)$g|S-t?)iiWfl::$-fr^ci 

*^5fe^iJ 1 6 -Ifii. ±Kli(^ (1) ~ (9) (D#ja^?fML;^cf^. ^:y^>^'^ 
•t^^ti^X^ . Ipsa //m, 5 0/zm(75lJ ^y-J]^mt L. pM:=ii^^^ h 

-5 nMG a Ng_b{iT i /A 1 t^hf^^ nm\Wm^1^^^ir^o 



s i o, ^ 2-<r?f0^-t--5 i ^ J; «9 . m^m(D^M%^^ 5 0 %lClLfCo 



l^_h® j:5{-'f«L/: 



ill 7. 



iy<^yyrM 10 2) 

r^TMG ( h y ^^/l-;^; y f^i^) <^^ffiV^, m^l±i^G aNXV)^£^y<^yy' 
tM 1 0 2^fxi 1 5 0:^ly^^^ hn— i^fT^Mfft^fifeft^-yr-So 
(T > K— :/G a NJi 10 3) 
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:7°G a Nji 1 0 3 ^ 1 . 5 f^mCOl^m'^^f^-^^-^^o 
i^-y'7^^^y^^m^^. Si^4. 5 X 1 O'Vcm^' K— ':^bfcG a N J; "9 /c^-S n 



10 5) 



-C^>7i/;^f;^^iiAPLS i ^4. 5X1 0 ' Vcm= K— :/L;^cG aNg^2 5:^ 
r:/ K— :7"G a NJi^^^)/.e5 Agi!, Si K— -T^G a N®^W-t~5 2 5::r>'i/^>?. 



10 5 



( n mm 2 #j 



10 6) 



m^(D&&X\ Ti^K— 7"GaNj:«9/^'5^2(Z>^'fbi^^#|$:|i^l 0 6 
b ^4 0:*-i/i5^^;^ hn— i^fifeS^-fr. i^ki^M^S 0 0°C}^LT. TMG. TM 

i^mi 0 6 a^2 0:^>'iJ'^'>^ M3-i>.^ft$iiSo ^ Li:i4T.^(^j*{^^i^"9 5g 
^2+^1 (D|lM-t?^at^l Og'^o^Ig$•^i:^ :S^t-G aNj;«9/^6^20 
:>f[i!^^^^0 106b^40:ri/ir^^hn -i»^:H: $ fciS*&^-«jg<?^^SM i 



7 ) 



1 0 6^6 4 0:^^^">^ bn— i^c^H^ffTjsfeft^-I^S 



^20 0 b 



i^V^TMS^8 0 0°C};ibT. TMG, TM 1. T^^:=^r ^fflV^T ^ 
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( p m^mm^ ^ Kg i o s ) 

1 0 5 0°C-eTMG, TMA, T>^::^T, Cp2Mg (i/^^ 
l^-^ ^fflV\ M g ^ 1 X 1 0 'Vcm' K— ::^LfcpMA 



Cp2MgMV^Mg^l X 1 O'Vcm' y^Lfc I no.03G ao.97N J; "9 ^=^-5^4 
(piRIJO a N:=i:/^?^ hM^) 

m^Xl 0 5 0°C-e. TMG, r^^^^r. Cp2Mg^ffiV^, Mg^l X 1 



O'Vcm' K— :7"b/cipMG a N J: "9 jfeS p =1 ^ ^5? 9 ^ 7 0 0::^^^^^:^ 

^K-T?p#.iJ:='^i5'i5^ h@#i^^^3i5,^^i^^-^fTV\ H 4 t^^-r J: 5 n #lj =1 ^ 

31 5/^:/^^^'^, ft±jiic:fc5 pfiij:=i:^i5'^ hm<Dm^±m\^i^w-2 o o:t>'r 

X ^^~^ffl<7) A U i; 19 p Ktt^l 11^0. 5 M nKDll^jy-eff^^rfe-l-So 



^(7:)LED*T-(*|li;^rBjffl;»f&2 OmA(C*3V>T> 5 2 0 n mOM^fe^Tfe^^ 
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!ll 8. 



7 ) 

ft^-fr. ^V^TtUS^ 8 0 0°C(c:LT. TMG, TM K T ^^::^r ^fflV^T 



5o ^L-tl^|g+#Ff+P*#+#F 



+i^ii(7)iiiii?p$iiji^7ji, #K 



#fjnfcLED^^f*. )llM:frfR]M2 OmA(>l*5V^T. 4 7 O nm(7)M#fe: 

■M^i 1 9 . 

\ 7{d^oV^■r. ^t4Ji7^i^Toj: 5f-^;?:S{iil(il^«idLTLED 
(^S-ttS 7 ) 

i<fe{d, TVK"^GaNJ:f9/^-51^MJS^2 ^Qi-^^y-^^:^ h i^Ol^ff-Cfig 
icV^TiS.^^8 0 0°C}dLT. TMG, TM I , T ^y^^-T -^Wi^^T 



4- 
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;jSfe#iJ 2 0 . 

7{c*3v^T. m'^m 7 ^ CO X 9 \^^x.^mnmmi^hx LED 

(?gt4S 7 ) 

K— no.35G ao.66NJ; 19 /c^^S^FS^S 0 :^ i:''-^;^ b n — i^(Z))iilf:-efifeg ^ 



MMm 2 1 . 

*JS^!)1 7{C*^V^T. ?g-ttji7^i^;lT(^J; 5 l-^X.5f{lL«I^#(-L-rLED 
(?&t4S 7 ) 

K— no.3sG ao.6sN J; "5 /c^2)#F)i^3 0 h n — ^ 



^tbHfcLED^^tt, Jli;^ro]fl;zl2 OmA(:l:^av^T. 5 0 0 nm(Dffltfe: 



MM 2 2 . 



7 V ^T , n 2 



6 ^^B: ^-ti:^^ V ^Mi^lKl^i- LT L E 
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MM 2 3 . 

( p ftiJ^-M^ ^ 5/ KS 1 8 ) 

M^l 0 5 0°C-t?TMG, TMA, T^^^T^ C p 2M g (-^^P^^^i^ 
OL-jV-^^-^^y^J^.) ^ffiV^, Mg^l X 1 Q^/qx^ K— :^LfcpMA 1 0.16^ 



10 5 ^W^cDi. 0 \zM7^^^\^Wi 



( n 1 #J 



10 5) 



S 1 ^ 1 X 1 O^Vcm' K— >^L:^cA 1 o.iG ao.9NJ: »9^^5BjS^2 5;^^i5^^>^ 
fn— i^(DMJ¥-efifeft^-^T/^5A® i BliO l^r^ 2 Oii^S LT 2 5 0 0 



1 0 S^fiJcft^it'S 



# f^;^^/c L E D^^(4. 



!l2 5. 



TLED*^^f^MLfCo 

10 5 o°c-c% l^.)i£l-;y';^i^TMG, T^-^^T;^";^. :T^Mi|^;^^;=^i-v/^>^^"^ 
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:S^fflV^, Si ^4. 5 X 1 O'Vcin* F— :^LfciG a N J: <9 nift!j=i>'i5'^ h 

5 MMM 2 6 . 

:^MM^\2 QX^l^i^-r, ^yr^r {mMMcMhf^^i:~b\^tivV^f\.f:.^ 

^(Dftil, ;^t:°^/^ (MgAIZ0 4) J; 5 ^<^l6^t4(^S>KC0^tll^ SiC (6H, 
4H. 3C^^tp) . Si. ZnO. GaAs. G a N^(7)^^^<^Ste^fflV^5 

v'T® 2 0 2) 

TtTMG ( h y p«^/^;^"y f^i^) ^r^S:fflV\ St^l _b}CG a N J; "9 

tS2 0 2 ^^2 0 O^a-^iJ^'^v!: hn— i^CDJI^ff-e^^ir^^So 
1 n ffilj^^l^i^^^^^a 2 0 3) 
/^5/:7 7'g2 0 2^Sft. TMG(Z)^ihi?)T. 1 0 5 0 -C±# ^-^T 

20 So 1 0 5 o°ci;i/^ofcb. lRlD<J^)N-;^/;^ie:TMG, T^^-r;^;■;^^fflv^, 

r ^ K— :^G aNj;^)/^S||l n^J^-fbi^^^^*:® 2 0 3 ^ 5 m(7)I^ff-e^S 

$-^5o Hi nftiM<t:i^¥#i$;S 2 0 3 ii/^ iy7rS202J:'9 ^J;ttt* 

9 0 0°C~1 1 0 0°C-ej5fe5:$i±S:i^;aW*b<. GaNJe>^^-e^, In^A 
1 Ga,_,_ N (O^x, O^y. x + y^l) "Cttfife-r S ^ ^ T # S ^ 
25 0^L<{iGaNX. Xfjt;05O. 2JeATt^)A 1 ,G a l_,N^fflV^S t J: i^^gHl 

Y—-fm t -r -5 fc26^(7)tiK}«tti|^¥#;(-ja < > ®^t:^« o . 2 q • c 
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m 2 niRlJ^^t:i^¥3*f*S 2 0 4) 

J^V^Tl 0 5 0°C-T:\ TMG, T T ^fflV T K— :7"G a Njg^ 

■^So r<7)J;5(-LT. 2 0;r>'i^^'>^ bi3— i^(^T^ K— ::^G a NJii^^^/^-SA 
mt. Si K— :^G a NSSr2 0;*->^i5^"';^ hP— J^^if3/^SBji^/5^f3/.e'5-<T 
^|?fe;g:$-tir5o ^LT^<7)-<T^^gLT. K— -l/G a N J; "9 1 ju ml? 
(7)^ 2 njlij^fbi|tl¥^#:ji 2 0 4 ^)5^M^^^o 
(m 3 n'(|iJ^'ft:#?4^#ft:jS 2 0 5) 

7^Kiyy>':ffy^(D^^At}sb. 1 0 5 0°C-C|WI1i{;i LTT:/ T'G a N J; 9 ^£ 

3 n#J^'flii^^#l^g 2 0 5^1 00 h At^fl^/^TfifeS^-^So 

iKD^S n #J^^b^^*#:S 2 0 5 ^G a NJi^^i^ I n,A 1 ^G a i_,_yN 
(O^x, O^y, x + y^l) -Clt^ifeT^. ^<^lafife{i#t;iPp1 9 ^iC^Tii^^V ^ 
0*b<J*GaNX«xfii;d5o. 2JeAT(^A 1 ,G a ,_,N, $)^V>(iy^jt 

^5^0. ijl^T^^ I n^G a ^ + ^Ntir^ t ^ ^ 1^^XUk(7)<i^^^J:^^mt^^Mi^m 

m^m 7 ) 

^Ci. IUM^8 0 o°ci,cvx. ])r:ffy^^^m\^my)W:^. tmg, tm 

(p#JiJ^^5^ KJBl 0 8) 

^{^. 1 0 5 0°C(:i±lf, TMG, TMA, T>'^::^r. Cp2Mg 
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Ufcp^A lo.iGao.9Nj;'9/^5JS^2 0 A©jf:$};i^ft$-^fc^. TMG, T 
i^^^r. C p 2Mg ^ffiV\ Mg ^1 XI O^Vc K— :^L;^cpSG a NJ: 



'9 7fe2)Ji^2 0 AOiy^i. 



(p^ljn^-^i? hiS2 0 8) 
*fl2|i^^3 0 A, icV^T. TM I ^JhfeMg 1 X 1 O^Vc :^LfcG a 



NJ: ^/^5^2<Z)^jt:it^^^^$:||^^3 0 A^ft^^^rSo ^LT^Sf^iML. 

J?: 6 0 0 A(Dp{H!j=i^^^ hS2 0 8 ^fi5cS^-ii:6o 



2 0 8(Dmmi^m^(7)m^(0'^^^ r i e i^jiL^^^^ ^i^^^y^-^ 

^^^l^i^^^^flsjg 2 0 4 co^m^Mia ^iirSo 

ft±Stc:$)-5 p^J^ii/iJ'i? hm(7)m^^mi^J^f^2 0 o:t>-^^ 
hP— jU(DN i i A u ^-a £f jg7tt4<^ p Ste 1 0 bs ^(DpW&l 0(O±.\z.Ti?. 
ly^^m(DA \x^K)fi:^p^<-y YMM 10^0. b n mO!^-efMi"-5o 
— :;^ai-,^>'^lij;i9^Hi$-ti:fc||2 n {11^^ b W^Sfl^S 2 0 4 (^^ffit^tiwir 
A I ^^t^nmMl 2^J^^-t^o 0C0^ffi^i^^-rSfci6iz:S 

rOLED^^f*2 0mA(:i;^DV^T|li;^[R]fl;j±3. 2V, 5 2 0 nmC0|^fe 
it^mX^. 2 OmAJ^dBltSV f ^0. 2~0. 3 Vf&T^-frS ^ . tii 

1 0%:e>(.±[p]±$-fr6:ii^;OS-e^fCo *fc. «^J2 l -CTj^LfcLED^T- 
Srl O Oflaf^$^L-C. 2 OmA(c::ioltSlii;^[B]®±V f ^^ay^L/t^^. ^;iT.^ 

(Z)Vf f}i, 3. 2V~3. 3V(DmJM\^'7^^\^X-i^K) . U^X^^'yy^'^'PfSi 



^!|2 7. 
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2 8 . 



M2 9. 
:JS^'J 3 0 . 

m2 6 1 mmK l-c l e o^^^i-^M bfco 
;JE^J 3 1 . 

i^M g ^ 1 X 1 0 'V c K— Lfc:l^;^in-«^ MMM 26 t \S\m\^ LT L E D 
MM 3 2. 

;jfe#ij2 6i;i:jaV^T. p#J^^^^ hji2 0 8^?f^^-t"5^. T:^K-^I n 
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